The elucidation of the cell's large-scale organization is a primary challenge for post-genomic biology, and understanding the structure and topological properties of protein-protein interaction networks offers an important starting point for such studies. We compare the protein-protein interaction network of the human and mouse, aiming to uncover the network's generic large-scale properties and the impact of the proteins' function and cellular localization on the network topology. We show that both human and mouse protein-protein interaction supports a scale-free, topology with hierarchical modularity, indicating that these features represent a robust and generic property of the protein interactions network. We also find strong correlations between the network's structure and the functional role and sub cellular localization of its protein constituents, concluding that most functional and/or localization classes appear as relatively segregated sub networks of the full protein interaction network.
Introduction

Protein-Protein Interaction
A prime way to predict protein function is through identification of binding partners. Proteins interact with each other in a highly specific manner, and protein interactions play a key role in many cellular processes; in particular, the distortion of protein interfaces may lead to the development of many diseases. To understand the mechanisms of protein recognition at the molecular level and to unravel the global picture of protein interactions in the cell, different experimental techniques have been developed. Some methods characterize individual protein interactions while others are advanced for screening interactions on a genome wide scale. It is now becoming clear that protein interactions determine the outcome of most cellular processes. Therefore, identifying and characterizing protein-protein interactions and their networks is essential for understanding the mechanisms of biological processes on a molecular level. Despite the fact that protein interactions are remarkably diverse, all protein interfaces share certain common properties.
As protein-protein interactions are central to most biological processes, the systematic identification of all protein interactions is considered a key strategy for uncovering the inner workings of a cell. Consequently, a number of experimental and computational techniques have been developed to systematically determine both the potential and actual protein interactions in selected model organisms. This proliferation of interest and tools resulted in extensive databases of protein interactions, covering organisms from bacteria to eukaryotes, and fueling research aimed at understanding the large-scale organizing principles of cellular function. In many cellular processes, proteins recognize specific targets and bind them in a highly regular manner. The specificity of interactions in these cases is determined by structural and physicochemical properties of two interacting proteins. As a result, there should be a certain degree of conservation in the interaction patterns between similar proteins and domains. Indeed, it has been found that close homologs almost always interact in the same way.
As the interactions, in which a given protein participates, are likely to correlate with the protein's functional properties, protein interaction maps are frequently utilized to uncover in a systematic fashion the potential biological role of proteins of unknown functional classification. Also, the topology of the uncovered protein interaction networks may reflect the cell's higher-level functional organization. Yet, despite their clear utility, there is very little understanding to what degree the collected protein network topologies encode such functional information.
Though some percent of proteins can be expected to work in relative isolation, the majority operate in coordination with other proteins in PPI networks to arrange the processes revolving around cellular structure and function. These processes include cell cycle control, differentiation, protein folding, signaling, transcription, translation, post-translational modification, and transport. Protein interactions play key roles in these processes. For instance, signals from the exterior of a cell to the inside of that cell are conveyed by protein-protein interactions of the signaling molecules. This process, called signal transduction, plays a fundamental role in many biological processes and in many diseases. A protein may modify another protein via interaction. For example, a protein kinase will add a phosphate to a target protein. Such modification of proteins can itself change protein-protein interactions. Given protein-protein interactions are of central importance for virtually every process in a living cell, information about these interactions improves our understanding of diseases and can provide the basis for new therapeutic approaches.
Why topology important?
The fast development of experimental techniques for protein interactions has enabled the construction and systematic analysis of interaction networks. Interaction maps obtained for one species can be used to predict interaction networks in other species, to identify functions of unknown proteins, and to get insight into the evolution of protein interaction patterns. Also, the topology of the uncovered protein interaction networks may reflect the cell's higher-level functional organization. Yet, despite their clear utility, there is very little understanding to what degree the collected protein network topologies encode such functional information. It is useful to study structure of protein-protein interaction networks , because it can help us to relate network structure to biological function. The topology of a network refers to the relative connectivity of its nodes. Different topologies affect specific network properties. The topological structures have been analyzed for the following reasons • It has been realized that the architectural features of molecular interaction networks within a cell are often reflected to a large degree in other complex systems as well, such as the Internet, world wide web (WWW) or organizational networks. The unexpected similarity indicates that similar laws may govern most complex networks in nature. This enables the expertise from large and well-mapped non-biological systems to be utilized for characterizing the complicated interrelationships that govern cellular functions.
• Cellular function is a contextual attribute of complex interaction patterns between cellular constituents. The quantifiable tools of network theory offer possibilities for providing insights into properties of the cell's organization, evolution and stability.
• The relative positions of proteins within the interaction networks might indicate their functional importance. For instance a positive correlation between biological essentiality and graphical connectivity has been demonstrated, suggesting a relationship between topological centrality and functional essentiality. Thus it is important to understand and model the topological and dynamic properties of various biological networks in a quantifiable manner. There are various types of interaction networks in the cell, (including protein-protein interaction, metabolic, signalling and transcription-regulatory networks). None of them function independently. Rather together they form a"network of networks" which is responsible for the behavior of the cell
Figure showing overview of protein-protein interactions
Objectives
(1)To create the most probable protein-protein interaction network for Mus musculus and Homo sapiens .
(2) Characterization of the topological properties for the network.
My goal is to study the characteristic of most probable protein-protein interaction of the Human and Mouse through network and find out the important topological features which are able to describe functional features of the network, and find out the important hub proteins dominating the networks. The emphasis is on the linkage of experimental data about protein-protein interaction and topological characteristic of networks. The data and complex connections are modelled using graphs. I used graph (network) analysis and interactive visualisation methods to discover network properties and to make the data easily accessible.
Protein -Protein Interaction Networks are Scale Free Network-: Data Resources
Database of Interacting Proteins-: The Database of Interacting Proteins (DIP) contains experimentally determined protein interactions and includes a core subset of interactions that have passed a quality assessment. Interaction data are obtained from the literature; PDB; and high-throughput methods such as Y2H, DNA and protein microarrays; and TAP-MS analysis of protein complexes. Several methods are employed to assess the quality of interaction data and are offered as a service for query interactions. DIP has links to a couple of related databases.I have taken the protein-protein interaction dataset for Homo sapiens and Mus musculus. To take only probable interactions, use the Domain Pair Verification server to assigns a protein-protein interaction based on the probability that potential domain-domain interactions occur between the two proteins of interest. To assign domain-domain probabilities, the core set of interactions from DIP is used in an expectation-maximization training. The final data sets contains 1627 and 360 interactions for H.sapiens and M.musculus respectively.
Construction of Protein-Protein Interaction Network
Creation of protein-protein interaction network is done with the help of network visualization and analysis tool Cytoscape. Degree distribution and histogram were created using MATLAB. The figures below shows the largest sub network of protein-protein interaction network of-:
( 1) Mus musculus. Most of the cluster shows silhouette value close to 1 defines that clustering is significantally better. From the silhouette plot, we can see that most points in both clusters plot have a large silhouette value, greater than 0.8, indicating that those points are well-separated from neighboring clusters. However, each cluster also contains a few points with low silhouette values, indicating that they are nearby to points from other clusters. Using the MATLAB function silhouette and the cluster indices for each sample, make the silhouette plot that can give you an idea of how well-separated the resulting clusters are. The silhouette plot displays a measure of how close each point in one cluster is to points in the neighboring clusters. This measure ranges from +1, indicating points that are very distant from neighboring clusters, through 0, indicating points that are not distinctly in one cluster or another, to −1, indicating points that are probably assigned to the wrong cluster.
Network Hubs And Their
Discussion and Conclusions (1) Degree
The most elementary characteristic of a node is its degree (or connectivity), k,which tells us how many links the node has to other nodes. The degree distribution P(k) gives the fraction of proteins with k interactions in the total network. It can be used to distinguish different network classes. Nodes with small degrees are most frequent. The fraction of highly connected nodes decreases, but is not zero.The recently uncovered scale-free topology of protein-protein interaction networks has focused our attention on the important role of a small subset of highly linked proteins, or hubs, that guarantee the functional and structural integrity of the network. The usefulness of analyzing topological characteristics of networks for supporting drug targeting was recently highlighted.Topological properties associated with high connectivity can be used to infer protein lethality. A scale-free network can also be considered as a fractal, and its character can be explored through the connectivity distribution. Barabasi has shown that a number of metabolic and protein networks are scale-free. A scale free network is a graph where the probability distribution of the number of edges k can be described as: P(k) =a k -ý , where a is the proportionality constant and γ is the degree exponent. This construct results in a small number network hubs (nodes have many interactions) relative to the more common nodes that have few links. Graph theory represents an important and popular approach for the analysis of largescale interaction networks. It is frequently used to obtain a general characterization of molecular networks. It is also of importance for systems biology in revealing modular structures which can subsequently be modeled more quantitatively. Nevertheless, results of graph-theoretical analyses should be taken with caution, since they are generally based on the assumption that the studied network is error-free and complete. This, however, is hardly the case for current protein interaction networks. Whereas the effects of sparse sampling have been intensively studied, the impact of the method used to generate interaction networks has been neglected so far.
(2) Hierarchical clustering-:
Proteins in a network, however, do not only interact within the same functional class but also across classes. The interactions between categories can be characterized on the basis of the topology of protein-protein interaction networks, using a hierarchical clustering approach. The number of links between proteins from two different functional classes is used to measure their association. We employed this strategy to delineate the relationship between proteins involved in different biological processes . We used hierarchical clustering based on the average linkage-clustering algorithm. The algorithm uses the distance matrix, and places those biological processes classes close to each other that are topologically closely related, i.e. have many interactions. Another important property of the given protein interaction networks is that they are fragmented into many distinct clusters. Indeed, we find that both the network are dominated by a giant cluster that contains a significant fraction of all connected proteins, such that one can find a path of protein interactions between any two proteins belonging to this giant component. A small fraction of proteins, however, are either completely isolated (i.e., do not have any known interactions to other proteins) or form small islands of isolated groups of interconnected proteins. This fragmentation could indicate that the existing databases contain only a small fraction of all protein-protein interactions present in H.sapiens and M.musculus. Indeed, if more protein interactions are uncovered, the giant component is expected to absorb a larger fraction of all proteins, and a fully connected protein network could emerge with a single giant component. In summary, regarding the large-scale topology of protein interaction networks both the network display the same generic properties they are all scale-free networks forming a giant cluster accompanied by many small disconnected clusters of proteins; they display a high degree of modularity with a hierarchical organization; and the giant cluster has a small diameter, an indication of its small world property. The fragmentation of the network into separate, isolated clusters, however, are much more sensitive to potential data incompleteness. Recent models addressing the potential origin of the scale-free topology in protein interaction networks indicate that the observed fragmentation could be an intrinsic property of the evolutionary processes leading to the protein interaction networks. From the hypothesis that proteins belonging to the same functional class have a high chance of working together, and thus potentially have a high number of connections between each other.
(3) Average clustering coefficient-:
We calculate the average clustering coefficient, a measure of the tendency of proteins in a network to form clusters or groups. For a vertex v of degree d, the clustering coefficient CC is defined as the CC=2k/d(d-1) where k is the number of links connecting the d neighbors of v, considered pairwise. The average clustering coefficient CC a (d) for a particular degree d is simply the average of the clustering coefficients of all vertices of degree d. We find that, on an average, CC a is a constant value of 0.1 for both Human and Mouse. Networks with high clustering coefficients are prone to virus outbreaks, and faster epidemic spreading. A constant average clustering coefficient across the network might be one of the distinguishing features of PINs. Also, we observe that low-degree vertices in Human and Mouse show some variation in the clustering coefficient values, whereas high-degree vertices (degree greater than 20) show little or no variation. If nodes belonging to a given functional class form cohesive groups within the protein interaction network, they should display a high degree of clustering. The degree of clustering of a complex network is often characterized by the clustering coefficient. The clustering method can be used for function prediction for protein of unknown function.Graph and classification features are still under investigation and more robust methods are still needed to discover and assign class and function to different uncharacterized proteins
(4) Path length-:
The existence of a few highly connected nodes (hubs) holding together a large number of lesserconnected nodes adds shortcuts into a network and creates a smaller average shortest-path length between any two nodes. We computed the shortest-path length distribution, the characteristic path length, and the global Centrality distribution for the Human and Mouse protein-protein interaction networks These results follow similar significant trends as observed for the degree distributions and average degree. This shortest-path analysis may provide an idea of network navigability and of efficiency with which a perturbation can spread throughout the network. However, in analyses of this type, it is assumed that the connections between each node (i.e., the edges) are equivalent, which seems unlikely to be true in a biological system. The shortest path length between two vertices is defined as their distance. In an interaction network, the maximum distance between any two nodes is termed as the graph diameter. The average distance and diameter of a network measure the approximate distance between vertices in a network. A network with a small diameter is often termed as a "small world" network, in which any two nodes can be connected with relatively short paths. Many real world networks such as metabolic networks have a small world architecture, which may serve to minimize transition times between metabolic states. Graph theory can be applied successfully to biological networks to relate the structure of the network to biological functions. Protein interactions are commonly represented by undirected graphs. One of the basic properties of nodes, degree, has been extensively used to characterize the proteins, namely hub proteins. Hub proteins have been observed to be related to essential genes. Increasing interest and recent work on network analysis of protein interaction data revealed, however, that degree by itself, although very informative, is not sufficient to relate network properties of hubs to their function. Using only the network of protein interaction data, however, does not support these findings strongly, and one needs to be careful in drawing conclusions relating network structure to biological function. This project provides well-summarized information to develop new ideas and gives the groundwork for further explorations into this field of research. Disruption of network architecture is expected to relate to human diseases. One advantage of scale-free networks is robustness loss of individual components usually maintains overall network topology. This organization in general should make a system relatively immune to defects that target individual components. Loss of multiple components as occurs in many forms of cancer is required for network breakdown. This architecture may explain, in part, the observation that multiple mutations are often required for the onset of cancer. Nonetheless, some regions of networks should be more vulnerable to disruptions than others. Loss-of-activity mutations that affect hubs are more likely to cause a defect than those that affect the periphery. In addition, we expect that activating mutations in master regulators (target hubs) are more likely to cause apparent defects in cellular and developmental processes than those that occur elsewhere in the network. Thus, identifying such hubs may suggest possible drug targets for reconstructing the network and therefore curing disease.
Challenges and future directions
Current studies often draw conclusions for complete interaction networks from limited and possibly erroneous samples of the actual biological networks. The yeast two-hybrid proteinprotein interaction network, for example, shows a typical scale-free structure and is often used to infer that the complete yeast protein-protein interaction network has the same properties. Recent studies, however, indicate that the scale-free topology might be generated through the experimental designs, which resulted in a biased sample of the complete data set. Further analyses by Friedel and Zimmer tested the clustering coefficient among several possible topologies, and suggested that the scale-free topology was still most likely to be the organization of the complete protein-protein network, although possibilities of other topologies could still not be completely excluded . Moreover, when investigating a more complete protein-protein interaction network. claimed that party hubs and date hubs, which originated from a smaller interaction data set, could no longer be differentiated from each other. Such debates suggest that our current view of biological networks may still be biased, and more interaction data are needed to better represent the real networks.
The ability to collect large data sets has only just begun. In the future, it should be possible to construct more complete and accurate networks, for example, by identifying the targets of all relevant transcription factors and determining the protein-protein interaction networks of humans and many other organisms. Considerable effort will be required to find the posttranslational modifications and factors that control the activity and stability of each protein in different cell states. Finally, large-scale efforts to map post-transcriptional regulation such as miRNAs need to be initiated. All of these interactions and modifications must be accomplished in the appropriate cell state and the dynamics of the process followed. The integration of all interactions/modifications along with their dynamics will reveal the ultimate description of how complex biological processes such as cell proliferation and development occur and can be controlled.
